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SUMMARY

Flight tests were made of a 600 delta wing (NACA 65AO03 airfoil
section) mounted in midwing and high-wing positions on a modified transonic
body from Wch nunibers0.8 to 2.0 and Reynolds numbers based on wing mean
aerodynamic chord, from 5.8 x l@ to 22.8 x 106. Ducted nacelles, with
external contours similar to ram-jet nacelles, were mounted at 66 percent

.
of the wing semispan symnetricall.yon the midwing configuration and under
the wings on the high-wing configuration.

Over the Wch number range tested, the high-wing configuration with-
out nacelles had higher drag coefficients than the midwing configuration
without nacelles, although both configurations had approximately the same
longitudinal area distribution and frontal area. Thus, secondary inter-
ference effects caused by wing-body root interference brought about appre-
ciable effects in drag coefficients. The ssme order of drag increase was
observed at supersonic speeds for the configurations with nacelles.

IN!IRODUJTION

The Langley Pilotless Aircraft Research Division has tested rocket-
powered models of wing-fusel.age-naeel.lecombinations as part of a general
aero@mmic investigation of nacelles and stores. Some exsmples of the
effects of nacelle location on the drag of sweptback-wing-fuselage con-
figurations have been reported in references 1 and 2. However, much of
the previous work on delta-wing configurations has dealt with the instal-
lation of stores and armament packets, for example, reference 3. The
tests reported herein were made to show the effect of engine nacelles and
wing vertical location on the drag of a delta-wing airplane configuration.

.
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A considerable amount of effort has be6n expende<-to determine low- ,_ ..
drag wing-fuselage combinations for use on supersonic~irplane configu- ...
rations. References 4 and 5 summarize “test%esults foi a wide range of
wing plan forms on various bodies of revolution.

—
After a study of these

results, a 600 delta wing (NACA 65AO03 airfo_ilsections) was chosen .- - - ~.~
because of its low supersonic drag and structural feasibility for apPli-
cation to interceptor planes. To make the tests realistic insofar as
component sizes were concerned, the design of a supersonic ram-jet inter- - -
ceptor (design Mach number 2.0) was outlined. The original estimates of
coefficients are tabulated as follows:

Zero-lift drag coefficient, CDn . . . . . . . . . . . . . . . . 0.0166
—

/

u

Induced drag factor, CD~2. . . . . . . * . . . . .~:.. . . . 0.433 ‘--

Lift coefficient, CL . . . . . . . . . . .... . . . .“. . . . . ().1072
Gross thrust coefficient, CT=oss. . . . ~. . . . ... . . . . . 1.0

The engines located in nacelles on the wings were of s-tificfl.entsize t~
maintain a 2.8g turn at 60,000 feet without losing speed.

.

In order to obtain higher Mach numbers, the afterbody of the air-
—.
F

plane configuration was cut off so that a sustainer rocket motor could
be inserted into the fuselage. The test models then consisted of a
600 delta wtigmouted onamdified transonic body (ref. 1). Nacelles
having the external contour of a ram-jet engine nacelle were located at— —

66 percent of the wing semispan.
— .

All tests reported herein were conducted at the Langley Pilotless_
Aircraft Research Station at Wallops Island,.Va. Rocket-powered models
of the airplane configurationswere flown ad a half-sfze nacelle was
shot from a helium gun. The Reynolds minber--range,based on wtig mean
aerodynamic chord, of the flight tests was from 5.8 x 106 to 22.8 X.106.
and the Mach nunber range was from 0.8 to 2.0.” In addition, the iritern&-l““ _.”
nacelle drag was determined from free-jet tests in the>reflight jet.

SYMBOLS .—

A cross-sectional area, normal to fuselage cent–e-rline, sq in.

CD drag coefficient, based on wing area

CDN nacelle drag coefficient, two nacelles based& wing u“ea–
.—

.-

CD() zero-lift drag coefficient, based on wing area
T-

---

CL lift coefficient, based on wing area “-
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normal-force coefficient, based on

base pressure coefficient

gross thrust coefficient, based on

dismeter, in

fuselage length, in

~ch number

Reynolds number based on wing mesm

wing area

nacelle frontal area

aerodynamic

radial distance from center line, in.

axial distance from fuselage nose, in.

distance normal to nacelle axis, in.

chord

MODELS

Figures 1 and 2 present three-tiew drawings and photographs of the
rocket-powered flight models. Four models were tested, a midwing con-
figuration, a midwing configuration with symmetrical nacelles, a high-
wing configuration, and a high-wing configuration with underslung nacelles.
The midwing models had the wing mean chord plane passing through the
fuselage center line and the high-wing models had the wing mean chord
plane located O.11~ wing $emispams above the fuselage c=ter line. In
an attempt to place the nacelles as close to the center of gravity as
possible, syrmnetricallymounted nacelles were used on the midwing con-
figuration and underslung nacelles were mounted on the high-wing configu-
ration. The center lines of the underslung nacelles were located O.*
nacelle diameters below the wing chord plane and O.@ diameters below the
fuselage center line. The nacelles on both configurations were located
at 66 percent of the wing semispm.

The basic geometric parameters for these models are given in table I.
The variation of model cross-sectional area normal to model center line
is plotted in figure 3 against axial distance. Also included in figure 3
are drawings of bodies of revolution the cross-sectional-area distributions
of which are equivalent to those of the test models. Table II presents

. the location of the model center of gravity for each flight model.

The basic configuration consisted of a 600 delta wing (NACA65AO03
. airfoil section pszallel to free-stream direction) mounted on a modified
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transonic body. Fuselage and airfoil ordinates
and IV. Two aluminm fins of hexagonal airfoil
the resr of the fuselage in the vertical ?iLane.

NACA RM L53L21

are given in tables 111 _
section were located at .
The fuselage was con-

structed of mahogany with a spun aluminum and Fiberglas nose for the
telemeter fairing. A static pressure orificg was located at the base of
the fuselage, midway between the rocket motor and the outer fuselage sur-
face in a plsne inclined 45° to the wing plme. The wing was constructed
of laminated spruce over a 24s-T aluminum core and had steel inlays at
the wing surface for added stiffness. —

The ram-jet nacelles employed in these configurations have no after-
body convergence as is customary for turbojet nacelles. The nacelle
forebody shape was a truncated cone and the rearward section was cylin-
drical. lk order to obtain a high mass flow ratio and to keep internal
drag low, a straight sharp-lipped duct was wed for air,flow through the
nacelle. A sketch of the basic nacelle is presented in figure 4(a). At
the base of the nacelle, eight pressure orifices were manifolded to give
the average nacelle base pressure. The nace&les were Constructed with.
Faraplex impregnated Fiberglas shells over balsa filler. In the midwing
configuration the nacelle was built as part of the wing structure. The
nacelles of the high-wing model were carried underneath the wtigs. In
order to prevent a gap between the conical nacelle forebody and the wing
leading edge, a smooth straight fairing was incorporated from the nacel.i.e
nose to the wing. The lines of the fairing between the nacelle and the
wing are shown in the photograph presented as figure 5:”

In order to determine the drag of the isolated nacelle at transonic
speeds, an approximately half-scale model of the nacelle was constructed.
Figures k(b) and 6 present a sketch and phototiaph of %e test nacelle.:
!I!breehexagonal airfoil fins were located at the rear of the nacelle to
stabilize the model. The nose section was machined from brass and the
rearward section of the model was constructed of mahogany and covered :
with Paraplex impregnated Fiberglas. —

A duplicate of a model nacelle was consmucted to..determinethe
internal drag from free-jet tests. A photograph of the nacelle, mounted
for testing, is shown as figure 7. The nacelle consisted of a steel tube
with a mahogany fatihg over the outer surface to form the nacelle con-
tour. Three total-pressure tubes were located in a rake at the naceKle

duct exit at $ = 0, 0.84, and 0.97. A static-pressur~.orifice was -

located at the duct exit 45° from the plane Gf the rake,

—

.— —
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.—

“-‘“ ‘

.-

..—

—

—

—

.

.



NACA RM L53L21 5

TE5TS AND INsm~TIoN

Flight Tests of Rocket-Fropelled Models

The rocket-propelled models were launched from a mobile launcher.
Figure 2(e) shows a midwing model with nacelles snd its booster on the
launcher prior to flight. A single ABL Deacon rocket motor propelled
the combination to supersonic speeds. After separation of the test model
from the booster, a 3.25-inch aircraft rocket in the fuselage of the model
accelerated the configuration to the peak Mach number. me information
presented in this report was obtained during the decelerating flight after
sustainer-rocket burnout. The range of Reynolds nmber, based on the
wing mean aerodynamic chord, and Mach nunber obtained during flight tests
of the configuration is presented h figure 8.

Data for the flight tests were obtained by use of a telemeter, a
CW Doppler velocimeter, tracking radar, tracking cameras, and radiosonde..
The radiosonde, borne aloft by a balloon, gives a survey of the atmos-
pheric conditions over the altitude range covered by the models. In

. addition, the radiosonde balloon was tracked by the radar to determine
the velocity and direction of the winds aloft. The drag coefficient of
the models was obtained by differentiation of the model velocity ad use
of atmospheric data from the radiosonde. All model velocities were cor-
rected for wind velocity prior to these computations.

llachof the rocket-propelled models carried a nose telemeter unit to
transmit flight data to ground-receiving stations. The midwing configu-
ration had a two-channel unit for transmitting fuselage base pressure
ad longitudinal acceleration. The other models employed four-channel
telemeters. l%e high-wing configuration transmitted normal and longitu-
dinal acceleration, total pressure, and fuselage base pressure. The mid-
wing configuration with nacelles had channels for fuselage sad nacelle
base pressure, total pressure, and longitudinal acceleration, whereas,
the high-wing configuration tith nacelles had channels for fuselage and
nacelle base pressure, total pressure, and normal acceleration. The Mach
number obtatied from total pressure measurements was used as a correlation
of the w3nd-corrected Mach nunber obtained from the CW Doppler velocimet=.
Drag coefficiarts were obtained from longitudinal accelerometer data and,
together with the CW Doppler drag data, were used to obtain the drag-
coefficient curves presented herein. me base pressure coefficients and
base drag coefficients were determined from the base pressure measurements.

Helium-Gun Tests of Nacelle

A half-scale finned model of the nacelle was placed h a balsa cradle
and fired from the helima gun. After leaving the muzzle, the cradle split.
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and the nacelle flew a ballistic trajectory. Data for this flight test
were obtained from a CW Doppler veloctieter, trac~ng radar, ~d radio.
sonde. The model drag coefficient was computed by differentiation of
the model velocity and use of atmospheric da~ from the radiosonde. The
Reynolds nmber, based on the wing mean aerodynamic chord, and Mach”num. -
ber range for this test are presented in figure 8.

I?ree-JetTests of Nacelle —

In order to determine the supersonic losses of the nacelle duct,
tests of the nacelle were made in a free-~et at Mach numbers of 1.2, 1.4,
and 1.8. !Chenacelle inlet was placed near the nozzle so expansion or
compression waves caused by over or under expansion of the nozzle would
fall behind the nacelle lip. In addition to the total and static pres-
sures at the nacelle exit, the nozzle total and static pressures and the
jet stagnation temperatures were measured. hasmuch as the nacelle axis
was alined with the jet center line, the flow at the m“cel.leexit was
assumed to be symmetrical. In addition, the static pressure across the
jet was assumed to be constant. Then the nacelle internal drag was com-
puted by the use of momentum relationships.

Test Accuracy

The basic accuracy of drag coefficients has been established in ref-
erence 1 by comparison of the drag coefficients from three similar models.
The errors found include those due to model dissimilarities caused by
construction and finish and those due to the instrumentation error of
the CW Doppler velocimeter, tracking radar, and radiosonde. M the basis
of statistical data compiled by the Instrument Research Division of the
Langley Laboratory, it is believed that the probable error is within
*1 percent of the full-scale range for the telemeter instruments. Thus f
the probable error is within the values tabulated as fcij.lows:

Fuselage Nacelle Fuselage Nacelle
M AM base base a%

Measured

%
A

%
A

ACD MD (internal) ‘~

().9 *’).005 ti.016 *O.026 to. 0005 *O.CK)1O *CI.0001 *O.0007
l.l *.005 *,012 &.019 &,0003 *.0007 *.0001 *.0007
1.6 *.005 +.006 *.008 +.0002 *.(XO3 *.0001 *.0007

These values were used to compute the total
of the various test models and indicate the

error in the drag coefficients
measure of validity attached

-.

.—

.—

.

.

—
.

.—
.—

.—

*“

.

..- .._
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to comparisons made between configurations. The total errors are tab-
ulated as follows:

●

MD MD
M a%

(without nacelles) (with nacelles) (external)

0.9 *o● 0007 +0.cK)18 *O.cn25
1.1 *.cmo7 *.CX)15 +.0022
1.6 ? .0007 *.Oo11 *.0018

The accuracy of measurements made on models propelled from the helium
stunhas been determined by em=rience obtatied from Previous tests- me
Mch nwnber error
within +0.0008.

is within +0..O@ and the error in drag coefficient is

RESULTS AND DISCUSSION

Nacelle ~ternal Drag

The supersonic internal drag of the straight duct was obtained from
the free-~et tests dust described. Shadowgraphs of the flow at the
nacelle inlet are shown in figure 9. The shock wave attaches to the
nacelle lip at ~ch number 1.25 and the flow becomes supersonic h the
duct. The internal drag was obtained fl?ommomentum relationships in the
duct and is presented in figure 10. This internal drag coefficient is
for two nacelles and is based on the total wing area of the models. Zhe
internal drag of a straight-duct nacelle at subsonic and transonic speeds
has been determined from wind-tunnel tests and is given in reference 6.
These values of internal drag coefficient, when
of the present tests, varied between O.0011 and
with the supersonic data presented herein.

referred to the wing sreas
0.0009 which correlates

Configuration Drag

Figure Cl presents the total drag coefficient (based on wing area)
for two nacelles obtained from helium-gun tests of the isolated nacelle.
The fin drag coefficient obtatied from unpublished data has been sub-
tracted. Figures 12, 13, 14, smd 15 give the basic test data for the
midwing configuration, the midwing configuration tith synunetricalnacelles,
the high-wtig configuration, and the high-wing configuration with under-.
dung nacelles. The fuselage base pressure coefficients, fuse~ge base
drag coefficients, and the total *ag coefficients are Presented for the
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midwing and high-wing models without nacelles. In addition, nacelle
base pressure coefficients and base drag coefficients are given for the
models with nacelles. -.

The drag coefficients of the high-wing and midwing configurations
without nacelles are compared in figure 16. The high-wing configuration
had a higher drag coefficient over the Mach number r-e of these test8
and had a slightly lower force break Mach nuinberthan the midwing con-
figuration. An inspection of the base drag”coefficients for these models
over the Mach number rsmge for which data are available indicated that
the difference in base drag coefficients was approximately the same as
the difference”in model drag coefficients. However, the difference in
base drags indicates an additional wing.bo@- interfereticeover the model
base and wake. An inspection of the area distributions of the models
(fig. 3) was made to determine whether the dffference in drag coeffici~s
could be explained according to the transonic area rule (ref. 7). I!oth
models have similar longitudinal area distributions and the same length.
Thus, the transonic &rag-rise increment might be expected to be propor-
tional to the ratio of maximum cross-sectional areas. However, the
frontal area ratio was l.0~, whereas, the ratio of the drag rise incre-
ments was 1.383. fi an effort to localize the region which could apprec-
iably affect the pressure drag, the afterbodies of the equivalent bodies
of revolution of the configuration were comp~ed with @ose of refer-
ence 8. The effect of the afterbody length-to-diameter ratio and the
ratio of base area to maximum area was considered. The ratio of base
pressure drag plus afterbody pressure drag at Mach number 1.2 for the
afterbodies of the midwing and high-wing configuration~.(estimated from
data in ref. 8) was only l.ti which was considerably below that of
the test configurations. Thus, it appears t~t the wtig-fuselage
juncture affects the interference drag to a l-aigeexteiiii.

—

A comparison of the external drag coefficients for the midwhg and
high-wing configurations with nace~es is presented ir_figure 17. In
order to obtain the external drag coefficients, the nacelle internal and
the base pressure coefficients were subtracted from the total drag coef-
ficients. The drag coefficients of the high-wing configuration were
larger than those of the midwing configuration over the enttie ~ch n~-
ber range tested with the greatest difference occurring at &hch num-
ber 1.03. Below Mach number O.~ the drag differenceswere small; whereas
at supersonic speeds the differences varied from 28 t~.l! percent wQich.
was about the same as those of the configurations without nacelles. The
trsmsonic drag-rise increments up to Mach number I.@ were 0.0051 and
O.OKIO for the midwing and high-wing configurationswith nacelles,
respectively. A comparison of the fuselage base drag c–oefficientsfor_
the high-wing smd,midwing configurations shows that the difference in base
drag coefficients is less than the difference in mcdel drag coefficients
over the test Mach number range. The midwing and high-wing configurations
with nacelles have similer longitudinal cross-sectional area distributions

.—
—

—-
.-

—

-.
>

—
—

-.

.-
—

—

“



NT
NACA RM L53L21

and the same length. Although the transonic drag
to be proportional to the maximmn cross-sectional
maximum cross-sectional area is 1.09, whereas the
ratio is 2.16.

The transonic area rule (ref. 7) states that

9

rise would be e~ected
area, the ratio of
transonic drag rise

slender wing-body combi-
nations have the same zero-ltit trtisonic drag rise as their &@&ent
bodies of revolution. However, information presented b reference 9 for
several airplane configurations and in reference 10 for nacelle instal-
lations indicates that appreciable errors can result from this method of
estimating the transonic drag rise. The data from the tests of midwing
and high-wing configurations with and without nacelles suggest that local
interference effects such as occur in the wing-fuselage juncture form
part of the source of the discrepancy.

Nacelle Drag Coefficient

The variation of the nacelle plus interference drag coefficient is
presented in figure 18. The drag coefficients of the symmetrical and
underslung nacelles were obtained by subtracting the drag coefficients
of the models without nacelles from that of the models with nacelles.
The two-dimensional base drag coefficient was estimated from references Il.
and 12 and subtracted from the isolated-nacelle flight-test data. These
estimated nacelle base drag coefficients were compared with the measured
values from the rocket-model nacelles and found to be of the right order
of maaitude. h addition, the internal drag coefficient was stitracted
frmn the isolated nacelle drag coefficient obtained from helium-gun tests.
This procedure gave the external drag coefficient for the isolated nacelle
to Mach number 1.15. The supersonic pressure drag was computed by the
method of characteristics and values of skin friction drag (estimated
from ref. 13) were added to give the isolated nacelle external drag coef-
ficient to Mach nmnber 1.8.

The drag coefficients for both symmetrical and underslung nacelles
were larger thsm those of the isolated nacelle at transonic speeds. Above
Mach number 1.1, the drag coefficients of both nacelles dropped be@w
those of the isolated nacelle and then rose to about the same value as
that of the isolated nacelle above Wch number 1.5. The symmetrical and
underslung nacelle drag coefficients seemed to be approximately the same
except for local effects.

Normal-Force Coefficient

.
b reference 14 the normal-force coefficients for symmetrical wing-

body combinations are shown to be very small. The high-wing configurations,
however, were asyzanetricalmodels so the normal-fcmce coefficients.
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were measured. The trim normal-force coefficients are presented in fig-
ure 19 for the high-wing configurations with and without nacelles. From
the small magnitude of these coefficients, it can be seen that the drag
due to lift was small and justifiably was neglected in the preceding drag
comparisons. —

.

For configurations composed of slender components, the pressure
fields are small.h amplitude and the main factor caustig the model to-
trim is the displacement of the drags from the center of gravity of the
model. When the supersonic drag coefficients remain nearly constant, a
constant normal-force coefficient for trim is expected. The high-wing
configuration without nacelles displayed this characteristic. The addition
of nacelles to the high-wing configuration cagsed relatively large changes
in trti normal-force coefficients over the Wch number range of these
tests. Inasmuch as the center of gravity of the configuration remained
approximately the same as that of the model without nacelles, the vsri-
ation could have been caused by a forward shift of the center of pressure
due to the nacelles. Another cause of the change could have been the
additional interference of the nacelle on the wing. Because of the
limitation in model instrumentation, the magnitude of each effect could
not be determined. .

CONCLUSIONS

Rocket-powered flight tests from Mach nwnber 0.8 to 2.0 were made
for a 600 delta wing (NAC!A6~AO03 airfoil section) mounted on a modified
transonic body in midwtig and high-wing locations. Tests were made of
models with nacelles mounted at 66 percent of the wing semispan with
nacelle axes in the plane of the fuselage axis. The Reynolds numbers,
based on wing mean aerodynamic chord, varied from 5.8x 106 to 22.8 x 106.
The following statements summarize the results of the tests:

(1) The drag coefficients for the high-wing configuration without
nacelles were at least 19 percent greater than those of the midwing con-
figuration without nacelles over the test Mach number r-e.

-.

(2) At supersonic speeds the high-wing configuration with underslung
nacelles had drag coefficients from 14 to 28 percent greater than the
midwing configuration with symmetrical nacelles.

(3) me drag coefficients of both symmetrical and underslung nacelles
were greater than those of the isolated nacelle up to Mach number 1.07.

-.

.

.
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Both nacelles had appreciable decreases in drag coefficients from Mach
nmber 1.07 to 1.5, a condition which indicates favorable fuselage-
nacelle interference.

kngley Aeronautical Laboratory,
National Advisory Ccmnnitteefor Aeronautics,

Langley Field, Vs., December 3, 1933.
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Fuselage:
Fineness ratio . . .
modal area, Sq ft

wing:
Aspect ratio . . . .
Taper ratio . . . .

TABLE I

ROCKET-MODEL CHARACTERISTICS

.

.

.

.

. .

. .

. .
● ✎

Mean aerodynamic chord, ft
Atifoil . . . . . . . . .

●

●

✎

✎

✎

✎

Total plan-form area, sq ft

Nacelle:
Fineness ratio . . . . . . .
Frontal srea, sq ft . . . .
Inlet areajsqft . . . . .

Fin:
Aspect ratio . . . . . . . .
Area, si ft . . . . . . . .

Area Ratios:

.

.

.

.

.

.

.

.

.

.

.
●

●

✎

✎

✎

✎

✎

✎

●

●

●

✎

✎

Fuselage frontal area/wing area
Fuselage base area/w@ mea . .

●

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

.

.

.

.

.

.
●

✎

●

●

✎

✎

✎

✎

.

.

.

.

.

.

.

●

●

✎

✎

✎

✎

●

.

.

.

.

.

.

.

●

✎

✎

✎

✎

●

✎

.

.

.
● �

●

✎

✎

✎

✎

✎

✎

✎

✎

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

● ☛

Nacelle Rrontal area/wing area (2 nacelles)
Nacelle annular base area/wing area (2 nacelles)

.

.

.

.

.

.

.

.
#
●

✎

✎

✎

✎

✎

*
.

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

.

.

.

.

.

.

.

.

.

.

.
●

✎

✎

✎

✎

.

.

.

.

.

.

.

.
●

●

✎

✎

✎

✎

✎

✌
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.
●

✎

✎

●

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

.

.

.

.

.
●

●

✎

✎

●

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✎

✎

✎

✎

✎

✎

✎

●

✎

✎

✎

✌

.

.

.

.
.
.
●

✎

✎

✎

✎

✎

✎

●

✎

✎

10.0
: 0.242

. 2.31
0

: 1.80
65Ao03

● 40ZL

4.9
: 0.101
0.0376

2.22
: 1.25

0.0575
0.0286
0.0480
0.0300

.

.

.

.
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.

.

TABLE II

LOCATION OF CENTER OF GRAVITY OF MODELS

Model
Center of gravity

x, in.

Midwing 40.50

Midwing with nacelles 42.12

High tig 42.87

High wing with nacelles 42.12

.
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TABLE III

FUSELAGE ORDINATES

Axial distance
Radius,measured tiom

in.nose, in.

o 0
.4 .185 .-
.6 .235 .

1.0 .342
.578

::: .964
6.0 1.290
8.0 1.577
12.0 2.074
16.0 2.472
20.0 2.772 -
24.o 2.993
28.0 3.146
32.0 3.250 ~
36.0 3.314 -
40.0 3.334
44.0 3.304
48.o 3.219 ‘:
52.0 3.037
56.0 2.%9
60.0 2.661
64.o 2.474 --
66.7 2.347

NACA RM L53~

.

.

.

—
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.

.

TABLEIV

AIRFOIL ORDINATES AT THE MEAN AERODYNAMIC CHORD

Chordwise distance Vertical displacement
from the leading from mean chord

edge, in. line, in.

o 0
.108 .050
.162 .061
.270 ;:2
.540

I..080 .142
1.620 .172
2.160 .193
3.240 .236
4.320 .267
5.400 .290
6.480 .306

;.~g .318
.323

9:710 .323
10.800 .316
11.880 .301
12.no .280
14.040 .255
15.1.20 .226
16.200 .192
17.280 .155
18.490 ● 117
19.400 :37;
20 ● 500
21.600 ,007

.
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.“ — ( 37
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(a) Midwing confIguration.
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i
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(b) Midwing

Figure l.- Three-view

configuration with symmetrical nacelles.

drawings .~igurations. (All dimens5.on& ““-
in inches.)
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.

.7s rad., ~

/ T
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L= ‘% : - t

--
. . —. —
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Max. diam. \~\ \

(c) High-wing configuration.

—-——— —--
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1234

1

+
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2.15
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(d) High-wing configuration with underslung

Figure l.- Concluded.

nacelles.
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Figure 2.- Photographs of models.
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.
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.
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-

.~ ..—-—.. -—

(c) High-wing configuration.
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&-.. H -. .-—___
—. -h ~1 5

(d) High-wing

.

-- ~.

.
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.L ..-+,

:, . ..2-
.-. . . . ..

:.:. :

configuration with underslung

Figure 2.- Continued.

L-82066
nacelles. ‘
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(e) Mdel and booster on mobile

Figure 2.- Concluded.
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I

.1 T

r/1

0“

.1 1 , !

o .1 .2 .3 A .5 .6 .7 .8 .9 1.0 1,1

x/1

016

.012

.008

A/12

.004

0

-.004
0 J .2 J “4

Equivalent body of revolution. Finenees ratio = 956.

Total

(a) Midwing

.5 .6 .7 .8 ~ m ~1

x/1

configuration.

Figure 3.- Area distribution of test configurations.
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r/1
.1

0

.016

D12

.008

A/12

.004

0

-.004

I
“ O .1 .2 .3 .4 .5 .6 .7 .8 .9 LO 1.1

, a , a

x/1
Equlvahnt body of revolution. Fineness ratio s MZ

Total

Duct J

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 LO l.!

X/l

(b) Midwing configuration with symmetrical nacelles.

Figure 3.- Continued. .
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.1

r/1

o

.016

012

004

0

.1 1 I I 1 1 1 # 1 1 b t t

O .1 .2 .3 .4 .5 .6 .7 .8 g Lo 1.1
x/1

Equivalent body of revolution. Finenees ratio s 9.26.

Total

-D04
o .1 .2 .3 .4 .5 .6 .7 .8 .$ I*O 1“1

x/1

(c) High-wing configuration.

.

Figure 3.- Continued.
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r/1

NAcA wL53L21 “-”- --.

.1

0’
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o J .2 .3 .4 .5 6 .7 .8 .9 Lo 1.1

Xil
Equivalent body of revolution. Finene88 ratio u 8.56.
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.012
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.

—
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(d) High-wing configuration with underslung nacelles.

Figure 3.- Concluded.
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Nacelle base pressure orifices

J T

- “d

—––––––––––– ––––––––––––––– –––- ‘4.30 e “
2.63 diam. .’
diam.

—

—-——- ———----—— -— -- ---- —-—————— —-
1 1

0 0

Rocket-model

+80>

nacelle.

--- —-— ----- -—-

———— —————-
1 A

l=====!
(b) Helium-gun nacelle.

Figure 4.- Drawings of test nacelles. (All dimensions in inches.)
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Figure 6.- Helium-gun nacelle model.
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High wing with /

underslung nacelles
/0/
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Figure 8.- Variation of Reynolds nuder, based on w~g me~
chord, with Mach number.
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.01
0 Free-jettests

(%)

a Reference 6
c

internal

o
.8 1.0 1.2 1.4 1.6 1.8 2.0

M

Figure 10.- Variation of nacelle internal drag coefficient based on wing—
area with Wch number for two nacelles.
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()CDN total

.01

0

.8

Figure 11.- Variation of total
area with Mach

1.0 1.2 1.4.

M

nacelle drag coefficient
number for two nacelles.

based on wing
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(a) Variation of drag coefficients with Mach”number.
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(b) Variation of base pressure coefficient with l!achnmb=.

Figure 12. - Flight-test data for midwing
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Nacelle base drag
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Fuselage base drag
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(a) Variation of drag coefficients with Mach number.

/-

Nacelle

xl
-

-

.$ 1.0 1.2 L4 1.6 1,8 2.0
M

(b) Variation of base pressure coefficient with Mach number.

Figure 13.- Flight-test data for midwing configuration with symmetrical
nacelles.
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(a) Variation of drag coefficients with Mach number.
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(b) Variation of base pressure coefficient with ~ch number.

Figure 15.- Flight-test data for high-wing conf@uration with underslung
nacelles.
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Figure 17.- Comparison of drag coefficients_of
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Figure 18.- Comparison of nacelle drag increment with drag coefficient of
an isolated nacelle for two nacelles, based on wing area.
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Figure 19.- Variation of normal
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force coefficient with Mach nmnber for
configurations.

NACA-Lmgley -S-Q-54-.225


